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RADIOSODIUM CLEARANCE FROM THE SKIN IN CERTAIN
CUTANEOUS CIRCULATORY DISORDERS*
ERNEST A. FAIRBURN, M.D.t
Measurement of the rate of local clearance of
radiosodium has been employed as a method of
assessment of circulatory conditions by several
groups of workers. Particular attention has been
paid to limb musculature, myometrium, and
tubed skin pedicles. However, conditions of
dermatological interest have been curiously
neglected. This paper describes work which was
conducted as a preliminary reconnaissance of
the practical usefulness of the technic in the
dermatological orbit. A heterogeneous assembly
of cutaneous disorders in which it was considered
that circulatory dysfunction was playing a lead-
ing etiological role comprised the material of the
study.
Kety (1, 2) was the first to suggest this pro-
cedure. He pointed out that since a quantitative
index of local circulatory efficiency could be ob-
tained by the measurement of the rate of dis-
appearance of a diffusible ion from an injection
site, radiosodium could conveniently be em-
ployed in this connection. Gemmell and Veall
(3) have reviewed the physiological basis of the
method, and have proposed that it may be re-
garded as a measure of the volume of plasma
flowing through the capillaries in unit time per
unit volume of extra-cellular fluid in the tissue
under test. This result under certain circum-
stances may bear very little relation to total
local blood flow (4), since non-functiona1' flow
through capillary by-pass channels is not taken
into account. Nevertheless, it is probable that
the technic paints a more realistic picture of
local tissue hemodynamics than do such total
flow measurements as calorimetry or plethys-
mography.
METHOD
Sodium 24 was used for the test since this
isotope possesses the conveniently short physical
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half-life of 15.1 hours. However, as a consequence
of this rapid decay the volume of solution corre-
sponding to a given activity varies greatly from
day to day. It is, therefore, necessary to use the
weekly consignment over an unaltering period
if constancy in respect of both volume and activ-
ity is to be achieved.
Room temperature was maintained over the
range, 20—22.2° C. Tests were performed follow-
ing a rest period of approximately 20 minutes'
duration. All subjects were investigated in a
semi-recumbent position with the lower limbs
horizontally placed. 0.02 ml. of isotonic saline
containing approximately 0.2 izC. of Na was
injected into the upper dermis through a num-
ber 18 needle (26 S.W.G.). A a-ray counter of 25
mm. diameter aperture (G.E.C. type EHM 2S)
was placed in contact with the skin over this site.
Half-minute readings of the counting-rate meter
(Panax G.M. Monitor Model 50) were taken.
Since dispersal follows an exponential law, these
readings were recorded as a semi-logarithmic
plot of counting-rate against time. Results were
expressed as the time in minutes taken for the
counting-rate to be halved (T3), and were
stated to two significant figures.
All subjects were women, with the one excep-
tion noted. For inter-group comparisons 4
measurements were taken in each subject at
intervals of not less than one week and the mean
value was determined. It was considered that in
this way variations occurring as a result of
environmental instability and of slight differences
in the depth of injection would be minimised.
Two sites were studied in these inter-group
comparisons, one on the face and the other on the
leg. The former was defined as being at the junc-
tion of the medial third and the lateral two thirds
of a line extending from the ala nasi to the tip of
the tragus. The latter was located in the vertical
plane at the junction of the inferior third and the
superior two thirds of a line joining the tip of the
medial malleolus to the medial femoral condyle,
and in the horizontal plane lateral to the tibial
crest by half the width of its subcutaneous surface
at this level.
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TABLE I
Radiosodium dearance rate (T3.). Mean of four
measurements.
Face Leg
Controls Rosacea Controls Dermatosishypostatica
Erythrocy-
anosis
4.8
7.3
13
7.7
16
6.5
2.9
4.8
4.0
4.9
3.6
4.4
4.3
4.6
4.4
4.6
3.7
2.6
5.2
4.5
2.1
3.6
3.1
3.4
2.9
3.2
6.9
5.9
7.3
9.3
5.8
6.5
13
7.8
6.6
9.5
9.0
8.1
8.8
16
17
11
17
7.7
11
5.0
7.2
20
25
18
39
38
13
18
25
23
As a basis for comparison the following meas-
urements were made on control subjects (Table
1);—a). Face. Fifteen cases. Mean value of T3.:
6.2 3.7 (Figure 1). b). Leg. Twelve cases. Mean
value of T: 8.0 2.2 (Figure 2).
RESULTS
Rosacea
Tests were carried out on the facial skin of 11
cases of rosacea (Table 1, Figure 3). The mean
clearance rate proved to be 3.5 1.1, while
comparison with the control group gave a P
value of <0.05. These results are indicative of a
trend towards increased local blood flow, a
change which Borne (5) had been unable to
demonstrate by means of skin temperature
measurements. However, extensive overlap be-
Fm. 2. Leg-Controls. Distribution of 4 measure-
ments of T in each of 12 subjects.
Fra. 3. Face-Rosacea. Distribution of 4
measurements of T3- in each of 11 subjects.
Fm. 4. Leg-Dermatosis hypostatica. Distribu-
tion of 4 measurements of T14 in each of 9 subjects.
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FIG. 1. Face-Controls. Distribution of 4 meas-
urements of T in each of 15 subjects.
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tween the 2 groups renders the method of little
value as a practical differential diagnostic aid.
Dermatois Hyposta&a
Nine subjects with low grade hypostatic
dermatosis of the legs were investigated (Table 1,
Figure 4). These cases exhibited varying degrees
"0' '2 '4 0 8- /6' '.2- /4- /6- '/8- 20- lb 24- 26.T2()
Fio. 5. Leg-Erythrocyanosis. Distribution of
4 measurements of T in each of 9 subjects.
-
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of hemosiderotic cutaneous pigmentation to-
gether with minor gravitational edema. In an
attempt to avoid undue complication in the
interpretation of the test, subjects with marked
edema, eczematization, or ulceration were
excluded. The mean value of T3. was 11 5 (P
<0.05 on comparison with the controls). Thus,
on a group level tissue blood flow tends to be
slower in legs affected by venous hypostasis.
Whether this is occurring as a direct result of
decreased venous return or as a consequence of
secondary impairment of arteriolar flow cannot
be elucidated by this technic. Furthermore, as in
the case of rosacea it appears that isolated meas-
urements would be of very little value as a
diagnostic tool.
Erythrocyanosis
Measurements were made in 9 cases of erythro-
cyanosis of the legs (Table 1, Figure 5). It will be
seen that there is a striking prolongation of the
clearance rate, the mean value of T being 24
10 (P <0.001). It is customary to attribute
this disorder to decreased arteriolar flow with
loss of tone of the minute vessels, resulting in
stasis of anoxic blood in these channels. These
results confirm that local tissue blood flow is much
impaired.
An additional feature was the great vasomotor
lability exhibited by certain of these cases. Thus,
the highest ratio of maximal to minimal indi-
vidual readings was 13, contrasted with the leg
control figure of 3.9. Such instability is to be
expected if, as has been proposed, heightening of
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Fia. 6. Cinnabar-red spots. Six paired measure-
ments of T34 in spots and adjacent erythro-
cyanotic skin in 1 subject.
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FIG. 7. Vascular mottling of the skin. Twenty four paired measurements of T in dark and adjacent
pale areas in 5 subjects.
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Fra. 8. Congenital hemangiectatic limb hyper-
trophy. Five paired measurements of T3. in
affected and normal limb in each of 2 subjects.
the physiological vascular response to cold is
playing a leading etiological role.
One of the subjects in this group displayed well
the frequently associated 'cinnabar-red spots'.
Comparative measurements were made between
6 of these areas and the adjacent erythrocyanotic
skin (Figure 6). The clearance rate of the spots
proved to be markedly slower (P <0.001), the
mean ratio, spot/erythrocyanosis, being 2.1 E
0.6. This appearance is usually attributed to focal
arteriolar dilatation. These results indicate that
the reverse is the case, the tissue vascular flow
being relatively decreased in such areas.
Vascular Mottling of the Skin
Five subjects with physiological cutaneous
vascular mottling (cutis marmorata) were inves-
tigated. Twenty-four paired measurements were
made in the so-called dark and adjacent pale
areas (Figure 7). In 21 of these 24 comparisons
the clearance from the dark zone was the more
protracted (P <0.02), the mean ratio, dark/pale,
being 1.8 0.6. These results provide quantita-
tive confirmation of Lewis's (6) hypothesis re-
garding the nature of the condition. He postu-
lated that this patterning corresponded to the
distribution of the cutaneous arteriolar terri-
tories, the pale areas being zones of maximal
blood supply, while the darker reticulations
represented regions of marginal anastomosis with
relative vascular stasis. However, Lewis, him-
self, was unable to demonstrate by means of
skin temperature measurements this difference
in blood supply.
Congenital Hemangiectatü Limb Hypertrophy
Two cases, one male and the other female,
were tested (Figure 8). Paired measurements
were made at 5 points between the knee and ankle
on the affected and the normal limbs (each of
which exhibited erythrocyanosis). Radiosodiurn
was consistently removed more rapidly from
the tissues of the hypertrophic limb (P <0.001),
the mean ratio, haemangiectatic/control, being
0.22 0.08 in the male subject, and 0.34 0.16
in the female. Recurrent cutaneous ulceration
commonly occurs in this condition, and these
cases were no exception. It has been variously
suggested that this is a consequence of:—a).
Overloading of the venous outflow of the limb.
b). By-passing of the cutaneous vascular bed as
a result of underlying arteriovenous anastomoses.
These results fail to lend support to either con-
cept: indeed, the skin appears to be sharing the
active hyperemia of the deeper tissues.
CONCLUSION
As a simple absolute measurement the deter-
mination of the rate of clearance of radiosodium
from the skin has proved to be of negligable
practical value in the conditions investigated.
Both the wide variations occurring as a result of
the functional lability of the cutaneous circula-
tion, and the differences demonstrated between
adjacent areas of skin account for this. However,
when it has been possible to adapt the technic as
a comparative assessment it has proved capable
of yielding useful information regarding local
cutaneous hemodynamics.
ACKNOWLEDGMENTS
I should like to express my gratitude to Dr.
F. Ray Bettley under whose guidance this work
was performed. In addition I am indebted to:—
1. Professor J. E. Roberts for making available
the facilities of the Barnato-Joel Institute of
Physics, and Mr. R. P. Ekins of this Institute for
technical assistance. 2. Dr. H. Davson, Depart-
ment of Physiology, University College, London,
for help in obtaining supplies of radiosodium.
3. Mr. T. E. Cowan and Mrs. A. J. Foster for the
statistical studies. The investigation was made
Aff.U f
RADIOSODIUM CLEARANCE FROM SKIN IN CIRCULATORY DISORDERS 99
possible by a research grant from the funds of the
Middlesex Hospital.
REFERENCES
1. KETY, S. S.: Quantitative measurement of
regional circulation by the clearance of radio-
active sodium. Am. J. M. Sc., 215: 352, 1948.
2, KETY, S. S.: Measurement of regional circula-
tion by the local clearance of radioactive
sodium. Am. Heart J., 38: 321, 1949.
3. GEMMELL, W. AND VEALL, N.: The factors in-
fluencing the tissue clearance of radioactive
sodium. Proceedings of the Second Inter-
national Symposium on Radioactive Isotopes
in Clinical Medicine and Research. Bad
Gastein, 1956.
4. MILLER, H. AND WILSON, G. M,: The measure-
ment of blood flow by the local clearance of
radioactive sodium. Brit. Heart J., 13: 227,
1951.
5. BORaTE, P.: The state of the blood vessels of
the face in rosacea-I. Brit. J. Dermat., 67:
5, 1955,6. LEWIS, T.: The blood vessels of the human
skin and their responses. London, Shaw and
Sons, 1927.
DISCUSSION
DR. WILLIAM EPSTEIN (San Francisco, Calif.):
I noticed in your later experiments that the
radiosodium clearance was slower in the controls
than it was originally in the leg. Would you com-
ment on that, please?
Da. E. A. FAIRBURN (in closing): This point is
covered in the manuscript of my paper, but time
did not permit me to include it today.
In both cases of hemangiectatic limb hyper-
trophy the unaffected leg exhibited the cutaneous
changes of erythrocyanosis. This accounts for
the discrepancy which you observed.
